INTRODUCTION
following traumatic injuries, tumor resection procedures and pseudo arthrosis can all be reconstructed by bone grafting procedures and the preferred modality is free vascularised bone graft [8] .
The objective of the investigation was to contribute details of the diaphyseal nutrient foramina of the femur, specifically in terms of location, number, size and direction.
Femur is the typical, longest, weight bearing bone of the body and is supplied by four groups of arteries such as nutrient artery, epiphyseal arteries, metaphyseal and periosteal arteries. Among them nutrient artery is the principal source of blood supply to a long bone and is particularly important during active growth period and early stages of ossification [1] . Therefore, they play a very significant role in healing of fractures and prevention of avascular bone necrosis. Despite the fact that the metaphyseal, epiphyseal and periosteal vessels maintain the blood supply of bones, after an interruption of nutrient arteries, it cannot support the complete healing of the fractured bones. Injury to the nutrient artery at the time of fracture, or during subsequent manipulation and surgery may be a significant predisposing factor to a faulty union of long bones [2] . The nutrient foramen in femur is directed proximally usually towards the linea aspera. The main nutrient artery is usually derived from the second perforating artery, branch of profunda femoris artery. If two nutrient arteries occur, they may branch from the first and third perforators [3] . Nutrient foramen is the cavity, which conveys the nutrient arteries and the peripheral nerves to the bone. They are distinguished by the presence of a marked groove leading to the foramen and by a marked, often slightly raised edge of the foramen. Nutrient foramen leads into a canal, which is directed obliquely [4] . It was first described by Berard in French as "Au coudejem' appuis, du genou je m'enfuis" which means "To elbow I go, from the knee I flee". This is called Berard's rule of canal direction [5] . The growing end is a misnomer, because both the ends of a long are growing, so it should dominant growing end of a long bone. Nutrient artery may be single or double. When two nutrient arteries are present they are not necessarily of equal size [6] . When two nutrient arteries are present, the ascending and descending branches were derived from separate origin [7] .During a bone graft surgery, the vascularisation of the remaining bones has to be considered with the vascularity of this area allowing various options in grafting. The bony defect which is left behind
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Regarding the Number of Nutrient foramina:
Among the 200 femurs studied 326 nutrient foramina, 82 bones had single nutrient foramina (41%), 111 bones had double nutrient foramina (55.5%), 6 bones had triple nutrient foramina (3%), and only 1 bone 4 nutrient foramina (0.5%) and none of the bones showed zero foramen.
Regarding the Size: The size of nutrient foramina were studied in 200 bones, 60 bones presented small sized foramina (18%), 130 bones presented with medium sized foramina (40%), and rest of the bones i.e.., 136 bones presented with large sized foramina(42%).
Out of 111 femora with double foramina, 90 had different sized foramina, 21 had same sized nutrient foramina, in which 8 had same small size, 7 had same medium size, and 6 had same large size foramina.
6 femora had triple nutrient foramina, 1 had 3 different sized foramina, 3 had 1 small and 2 large sized foramina, and 1 had 2 small sized and 1 medium sized foramina, and 1 had 1 medium and 2 large sized foramina. 1 femur with 4 nutrient foramina had 3 small sized and 1 medium sized foramina Regarding the Location: In this study the foramina location was studied in relation to the surfaces of the femur. Out of 326 nutrient foramen, about 149 were located on posterior surface (46%), about 126 foramina were located on medial surface (38.50%), 38 were located on the lateral surface (12%), and the remaining 12 were located on the popliteal surface(6%), and none on the anterior surface.
Regarding the Direction: All the nutrient foramina were directed upwards, away from the knee joint.
Pie diagram 2: Depicting the size of nutrient foramina.
Photograph 1:
A single nutrient foramenon the posterior surface of femur,with its groove and the raised edge for the nutrient artery.
Photograph 2: Femur with 2 nutrient foramina, one smaller sized on the medial surface and the other medium sized on the posterior surface.
Photograph 3: Femur with 2 nutrient foramina, one smaller sized on the posterior surface and the other medium sized on the medial surface. 
DISCUSSION
Hence, location, number and direction of nutrient foramina are important [3] . In the present study, among 200 femora 326 nutrient foramina were observed, out of which 150 (46%) were located on the posterior surface, 126 (38.50%) were on the medial surface, 38 (11.50%) on the lateral surface, and 12 (6%) on the popliteal surface and none on the anterior surface. This was well correlating with Mysorekar VR (48%) [10] , ForriolF et al [16] and Sendemir E et al(41.2%) [17] who found nutrient foramina were located between the lips of the lineaaspera, which is the posterior surface of the femur. Whereas Prashanth K U et al in 2011, found the nutrient foramina were located in linea aspera in 52.3% bones, on medial surface in 12.6% and 0.79% each on lateral and popliteal surfaces [8] . Pereira GAM et al, obtained 80.9% on Linea aspera, 18.6% on lateral surface, 0.46% on medial surface [14] . Nurcan Imre identified 65% nutrient foramina in the middle third of the femoral diaphysis [18] . Erika Collipal et al analyzed 50 femora, in which 72.5% of nutrient foramina were located on the linea aspera, 21.25% on the medial surface, and 6.25% on the lateral surface [19] which were not well correlating with the present study. The nutrient foramina were located on variable anatomical parts (surface and borders) of the femur and the most common location is on the posterior surface, including the linea aspera. Two well-known factors may affect nutrient foramen position. These are growth rates at two ends of the shaft and bone remodeling. Nutrient arteries which are the main blood supply to long bones are particularly vital during the active growth period and at the early phases of ossification. So the nutrient arteries should be kept patent until the growth is completed and even after the growth [8] .
Mysorekar VR [10] , Bridgeman G et al [11] , Al Motabagani MAH [6] , Prashanth KU et al [8] , stated that the nutrient foramina is directed away from the knee joint directed above and was away from the knee. In the current study, all the 326 (100%) nutrient foramina were directed obliquely upwards in 200 femora, i.e.., away from the dominant growing end.
The arrangement of the diaphyseal nutrient foramina in the long bones usually go along a definite pattern. There are often two nutrient foramina in the femur and the humerus whereas in the other bones they are normally single. In the femur the nutrient foramina are restricted to the linea aspera or its immediate neighborhood in the middle third of the bone. One or two main diaphyseal nutrient arteries enter the shaft obliquely through nutrient foramina leading into nutrient canals. Their sites of entry and angulation are almost constant and characteristically directed away from the dominant growing epiphysis. This is the basis of the Growing-end hypothesis [9] . The present study showed single nutrient foramen in femur in 41% of cases which are correlating with Mysorekar VR who identified as 45% [10] , Murali Krishna Set al observed 42.09 % of single foramina [13] , but Pereira GAM et al showed as high as 97.4% of cases [14] . The double nutrient foramina were 55.5% in present study. Mysorekar VR observed 50% [10] , Li Mingyang et al identified 57% [15] , and Qin Yueqin et al observed 54.07% [7] , Forriol F et al identified 60% [16] , Bridgeman.G et al identified 53.2% [11] , Murali Krishna S et al identified 50.62% of double nutrient foramen [13] but Pereira GAM et al identified 34.9% [14] . Triple nutrient foramen is seen in 3% of femurs in the present study correlating with Prashanth KU et al 3.5% [8] but Pereira GAM et al observed 1.3% [14] , Mysorekar VR identified 1.66 % [10] , Murali Krishna S et al observed 7.49% of triple nutrient foramina [13] and four nutrient foramina in present study was 0.5% coinciding with Murali Krishna S et al 1.785% [13] . None of the femurs showed any nutrient foramina. This signifies that most commonly femur has 2 nutrient foramina and the nutrient artery usually comes from the first and third perforating arteries of profunda femoris. Longitudinal stress fractures are more commonly with the lower limb bones. These arise either from the nutrient foramen or its superomedial aspect.
Variations in the direction of nutrient foramina have been observed in many tetrapods and there is some similarity in the foraminal pattern in mammals and birds. Schwalbe explained that growth at the two ends of a long bone before the appearance of the epiphyses is equal. Hence, the nutrient foramen before the birth should be directed horizontally. Many theories have been put forward to account for the direction of foramina and also the anomalously directed ones. Among them the 'periosteal slip' theory of Schwalbe and vascular theory of Hughes are widely accepted in the literature. It was suggested that the direction of nutrient foramina is determined by the growing end of the bone. The growing end is supposed to grow at least twice as fast as the other end. The nutrient artery runs away from the growing end as the growing bone might pull and rupture the artery. So the nutrient foramina are directed away from the growing end [8] . Bridgeman G et al [11] and Al Motabangi MAH [6] stated that the when two nutrient foramina were present, they were not necessarily equal size. In the present study, the size was measured, out of 200 femora 326 foramina obtained 60 (18%) were small, 130 (40%) were medium, and 136 (42%) were of large sized. Out of 111 femora with double foramina, 90 had different sized foramina, 21 had same sized nutrient foramina, in which 8 had same small size, 7 had same medium size, and 6 had same large size foramina. 6 femora had triple nutrient foramina, 1 had 3 different sized foramina, 3 had 1 small and 2 large sized foramina, and 1 had 2 small sized and 1 medium sized foramina, and 1 had 1 medium and 2 large sized foramina. 1 femur with 4 nutrient foramina had 3 small sized and 1 medium sized foramina. CONCLUSION conditions such as developmental abnormalities, fracture healing or acute hematogenic osteomyelitis. Detailed data on the blood supply to the long bones is invariably crucial in the development of new transplantation and resection techniques in orthopaedics. Thus the knowledge of nutrient foramina of femur in orthopaedic surgical procedures and in free vascular bone grafting is extremely important and must be preserved in order to promote fracture healing.
Studying the nutrient foramina has both morphological and clinical importance. Precise knowledge of nutrient foramen and its variations is mandatory for doctors to predict prognosis of grafts, tumors, fractures of bones and also useful for anthropologist during interpretation of height from a fragment of bone in medicolegal cases and as well as pathological bone
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